Recent work has shown that the protein epsin 1 induces highly curved lipidic structures when added with clathrin to appropriate lipid mixtures. This property may be a critical factor in the 'curvature stress cycle' of membrane trafficking.
clathrin polymerisation. Epsin 1 has an amino-terminal 'ENTH' domain [10] which, like the ANTH domain, associates with PIP 2 ; it also binds to clathrin, AP2 and eps 15, the latter being a coat component that is particularly prevalent in brain tissue. Ford et al. [9] observed by electron microscopy that full-length epsin, or the ENTH domain alone, will cause tubulation of liposomes derived from total brain lipids.
Expressed in COS cells [9] , the epsin ENTH domain seems to induce rod-like structures -visible by confocal immunocytometric light microscopy -that might be tubules or, possibly, folded regions of the plasma membrane. Full-length epsin accumulates in punctate sites at the plasma membrane, which can be co-labeled with antibodies against clathrin, AP2, eps 15 or dynamin (but not with markers for early endosomes or the Golgi complex), suggesting that epsin 1 is at the right place to have a cellular role during coated pit formation and vesicle invagination. Mutant forms of epsin 1 expressed in COS cells were found to inhibit transferrin endocytosis, and a mutant epsin 1 that failed to localize on the plasma membrane caused formation of unusual aggregates of plasmamembrane-bound AP2 complex.
Ford et al. [9] also reported the X-ray structure of the epsin 1 ENTH domain co-crystallized with inositol (1,4,5) trisphosphate (IP 3 ). The data indicate that, in the presence of lipid, the amino terminus of epsin reorganizes to form a binding pocket for IP 3 . The ligand phosphate groups are oriented so that they strongly interact with basic amino acids elsewhere on the peptide backbone of the ENTH domain, which, even in the absence of ligand, form a group of relatively stable α α helices. The mutant epsin 1 mentioned above has substitutions of two charged residues that normally coordinate phosphates 4 and 5 of IP 3 , presumably explaining why it fails to bind to the plasma membrane. These observations also agree with corresponding in vitro determinations of the protein's lipidbinding affinity based on calorimetric titration [9] .
When IP 3 binds to the ENTH domain, the newly induced protein structure is a relatively short helical region -the '0-helix' -which not only provides coordination sites on its inner surface for the inositol phosphates, but on its outer surface has hydrophobic residues which can bind generically to membrane lipids. The effects of substituting one of these residues indicated that, the more hydrophobic the amino acid in this position, the greater the tendency to transform liposomes to tubules. Corresponding mutations in fulllength epsin 1 did not prevent localization to punctate regions of plasma membrane in COS cells, consistent with the notion that membrane targeting is caused by binding to inositol phosphates. Intriguingly, Ford et al. [9] found that epsin 1 added to brain lipids in vitro produced lipidic rods -assumed to represent bilayer tubules rather than cylindrical micelles -with diameters on the order of 20 nm, much smaller than that of synaptic vesicles, which are created through a clathrin-mediated endocytosis. This diameter is similar to that of the most highly curved liposomes that can be prepared by application of ultrasonic energy (note that, for an equal bending stress per phospholipid molecule, neglecting ends, a cylinder has half the limiting diameter of a vesicle (Figure 2) ). Amphiphysin, dynamin and endophilin, in contrast, yield tubules of considerably greater diameter (and thus lower curvature) [9, 11, 12] .
As the ENTH domain has the power to create such structures and is not an ATPase, motor or contractile protein, it probably bends membranes by the bilayer couple mechanism [13] [14] [15] membrane buds cytosolically to assume a real curvature to match its spontaneous curvature. AP2 adaptor complexes, in indeterminate aggregates when the clathrin coat is absent [19] , seem to rearrange in the presence of epsin [9] , as other adaptors and clathrin move into the budding vesicle. The polymerization of the clathrin coat provides stability to the emerging bud and perhaps progressively displaces epsin as it solidifies (leaving epsin at the neck). The coated pit then pinches off from the plasma membrane by a process involving dynamin. Once the clathrin coat has formed, epsin is released, perhaps by PIP 2 hydrolysis, leaving a coated vesicle whose lipids are now at a higher energy due to the mismatch of the spontaneous and actual curvatures [20] .
When the clathrin lattice is dismantled, this leaves a metastable vesicle. This metastability, however, is exactly what the cell wants for the next stage in the curvature cycle, exocytosis or fusion to an endosome. The excess curvature could be the driving force for fusion of the vesicle. More generally, after coat disassembly, cellular regulation of bilayer spontaneous curvature may dictate whether a fusion pore either opens completely and full fusion ensues, or whether that fusion pore is stabilized at small diameter and closes again. 
